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1: 3 . , $a_{1}$ , a2, $a_{3}$
. $v=0$ (2)
. , $v$ (v1, $v_{2},$ $v_{3}$ ) , $K$ (K1, $K_{2},$ $K_{3}$ ) ,
$\mu$ . ,
, Stokes ([4] \S 69 ) . Stokes ,
$\mu\Delta v-\nabla p=4\pi\mu Q\delta(x)$ ,
. $v=0$
( $Q$ (Q1, $Q_{2},$ $Q_{3}$ ) ) ,
$v_{i}(x)=- \frac{1}{2}(\frac{Q_{i}}{|x|}+\sum_{j=1}^{3},Q_{j}\frac{x_{i}x_{j}}{|x|^{3}})$ $(i=1,2,3.)$ , (3)
$p(x)=- \mu\sum_{j=1}^{3}\frac{Q_{j}x_{j}}{|x|^{3}}$ (4)
. Stokes , $3\cross 3$
$\mathrm{T}(x)=$ $(\begin{array}{lll}T_{11}(x) T_{12}(x) T_{13}(x)T_{21}(x) T_{22}(x) T_{23}(\oe)T_{31}(\oe) T_{32}(x) T_{33}(\oe)\end{array})$ ,
$T_{ij}(oe)=- \frac{1}{2}(\frac{x_{i}x_{j}}{|x|^{3}}$ $\frac{\delta_{ij}}{|x|})$ $(i, j =1,2, 3)$
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. , Stokes (3), (4) (5), (6) , $x=0$
$-4\pi\mu Q$ . Stokes
, Stokes 1 , ,
$v(x) \approx v_{N}(x)=v_{0}+\sum_{j=1}^{N}\mathrm{T}(x-\xi_{j})Q_{j}$ , (7)
$p(x) \approx p_{N}(oe)=K\cdot x+\sum_{j=1}^{N}\tau(x-\xi_{j})$ . $Q_{j}$ (8)
. , $v_{0},$ $Q_{j}$ $(j=1,2, . . . , N)$ ,
$\xi_{j}$ $(j=1,2, . . . , N)$ . ,
(7), (8) , $v_{0}$ $\xi_{j}$ $-4\pi\mu Q_{j}$
. , $v_{N}$ (x), $p(x)$ (1), (2)
. , $\xi_{j}$ $Q_{j}$
, .
Stokes ,
. , , ,
. ,
, (7), (8) .
, “ ” .- ,
$\mu\Delta v-\nabla p=4\pi\mu Q\sum_{a}\delta(x-a)$ , (9)
. $v=0$ (10)







. , 2 Stokes




2 , , . 3
, ,
. , ,




, . , $\mathbb{R}$,
$\mathbb{Z}$ .
,
( , , Ashcroft-Mermin [1]
) , 1 3 $a_{1}$ , a2, $a_{3}$
. , $D_{0}$
$D_{a}=\{x+a|x\in D_{0}\}$
. , $a$ (a1, a2, $a_{3}$ )
$a=n_{1}a_{1}+n2a2$ $+n3a3$ $(n_{1}, n_{2}, n_{3}\in \mathbb{Z})$
. $\mathscr{L}$ , ,





$k=m_{1}b_{1}+m_{2}b_{2}+m_{3}b_{3}$ $(m_{1},m_{2}, m_{3}\in \mathbb{Z})$
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. , $b_{1},$ $b_{2},$ $b_{3}$ $a_{1}$ , a2, $a_{3}$ , ,
$a_{i}\cdot b_{j}=\delta$ij $(i,j=1,2,3)$
. $\ovalbox{\tt\small REJECT}*$ . ,
$\mathscr{L}^{*}=\{m_{1}b_{1}+m_{2}b_{2}+m_{3}b_{3}|m_{1}, m_{2}, m_{3}\in \mathbb{Z}\}$
.
, , Stokes nO-slip
$\mu\triangle v-\nabla p+K$ $=0$ in 9, (11)
. $v=0$ in 9, (12)
$v=0$ on $\partial$ \sim (13)
.
3
$v$ (x) $a_{1}$ , a2, $a_{3}$ , ,





$\mu\Delta v-\nabla p=4\pi\mu Q\sum_{a\in\ovalbox{\tt\small REJECT}}\delta$
(x-a),
. $v=0$
. , $Q$ (Q1, $Q_{2},$ $Q$3) .
$vi(x)= \sum_{j=1}^{3}Q_{j}\frac{\partial^{2}S_{2}(x)}{\partial x_{i}\partial x_{j}}-Qi$S1(x) $(i=1,2,3)$ , (15)
.
$p(x)=- \frac{4\pi\mu}{\tau_{0}}\sum_{j=1}^{3}Q_{j}x_{j}+\mu\sum_{j=1}^{3}Q_{j}\frac{\partial S_{1}(x)}{\partial x_{j}}$ (16)
. , $S_{1}$ (x), $S_{2}(x)$
$S_{1}(x)= \frac{1}{\pi\tau_{0}}\sum_{k\in\ovalbox{\tt\small REJECT}^{\mathrm{r}}\backslash }$
{O}
$\frac{\mathrm{e}^{\mathrm{i}2\pi k\cdot ae}}{|k|^{2}}$ , $S_{2}(x)=- \frac{1}{4\pi^{3}\uparrow 0}\sum_{k\in\ovalbox{\tt\small REJECT}^{*}\backslash \{0\}}\frac{\mathrm{c}^{\mathrm{i}2\pi kae}}{|k|^{4}}$ (17)
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, $\tau_{0}$ $\mathscr{L}$ , ,
$\ovalbox{\tt\small REJECT}=a_{1}\cdot(a_{2}\cross a_{3})$
. $3\cross 3$
$\mathrm{T}(x)=(\begin{array}{lll}T_{11}(x) T_{12}(x) T_{13}(x)T_{21}(x) T_{22}(x) T_{23}(x)T_{31}(x) T_{32}(x) T_{33}(x)\end{array})$ :





$p(x)=\tau$ (x). $Q$ (21)
. , (15), (16) (20), (21) , $a(\in\ovalbox{\tt\small REJECT})$
$-4\pi\mu Q$ . (18), (19)
Fourier , Ewald [2]
.
,
. (11), (12), (13) , 1
$v(x) \approx v_{N}(x)=v_{0}+\sum_{j=1}^{N}\mathrm{T}(x-\xi_{j})Q_{j}$ , (22)
$p(x)\approx p_{N}(x)=\prime K$ . $x+ \sum_{j=1}^{N}\tau(x-\xi_{j})$ . $Q_{j}$ (23)
. , $v_{0}(v_{01}, v_{02}, v_{03}),$ $Q_{j}(Q_{j1}, Q_{j2}, Q_{j3})(j=1,2, . . . , N)$ {
, $\xi_{j}$ $(j=1,2, . . . , N)$ $D_{0}$
. , (22), (23) $v_{0}$ $\xi_{j}+a$ $-4\pi\mu Q_{j}$
. , (15),
(16) $\mathscr{D}$ Stokes (11), (12) , ,
$v_{N}$(x) (14) .
(13) , $v_{0},$ $Q_{j}$
. , , “ ”
$v_{N}(x_{i})=0$ $(i=1,2, \ldots, N)$ (24)
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$v0,$ $Q_{j}$ . , $x_{i}$ $(i=1_{\}}2, . . . , N)$
D . (24) , $v_{N}$ (x) (22)
$v0+ \sum_{j=1}^{N}\mathrm{T}(x_{i}-\xi_{j})Q_{j}=0$ $(i=1,2, \ldots, N)$ (25)
.
, $D$
$D \approx D_{N}=4\pi\mu\sum_{j=1}^{N}Q_{j}$ (26)
. , . $\mathrm{T}(x-\xi_{j})Q$
$\xi_{j}$ $-4\pi\mu Q_{j}$ , = $\xi_{j}$
$4\pi\mu Q_{j}$ . , , $K$




(25), (27) , $v_{0},$ $Q_{j}$ ( $(3N+3)$ ) $(3N+3)$
1 . $v_{0},$ $Q_{j}$
, $v_{N}$ (x), $p_{N}$ (x) .
4
, . , Sun Blade 150
. $\mathrm{C}$ .
, 3 $r$ (>0) .
1. (simple cubic lattice, S.C.L.)
$a_{2}a_{1}a_{3}\}=a\{$ (((i’,, $0,0$)
$0,1$ )
$1,0$) $\}$ : $b_{1}b_{2}b_{3} \}=\frac{1}{a}\{\begin{array}{l}(1,0,0)(0,1,0)(0,0,1)\end{array}\}$ $(a>2r)$ ,
2. (body-centered latticc, B.C.L.)
$a_{1}a_{2}a_{3} \}=\frac{a}{2}\{\begin{array}{l}(1,1,-1)(-1,1,1)(1,-\mathrm{l},1)\end{array}\}$ : $b_{1}b_{2}b_{3} \}=\frac{1}{a}\{\begin{array}{l}(1,1,0)(0,\mathrm{l},1)(1,0,1)\end{array}\}$ $(a> \frac{4}{\sqrt{3}}r)$ :
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3. (face-centered lattice, F.C.L.)
$a_{1}a_{2}a_{3} \}=\frac{a}{2}\{\begin{array}{l}(1,1,0)(0,1,1)(1,0,\mathrm{l})\end{array}\}$ , $b_{3}b_{2}b_{1} \}=\frac{1}{a}\{\begin{array}{l}-1)(1,1(-1,1,\mathrm{l})(1,-1,1)\end{array}\}$ $(a>2\sqrt{2}r)$
, , $K$ $x_{1}$ .
,
$\overline{v}=$ $( \overline{v_{1}},\overline{v_{2}},\overline{v_{3}})=\frac{1}{a^{2}}\int_{-a/}^{a/}$I’ $v(x)\mathrm{d}x_{2}\mathrm{d}x_{3}$
( $x_{1}$ , $a/2\leqq x_{2}$ , $x_{3}\leqq a/2$ )
$x_{1}$ , , $\overline{v_{2}}=\overline{v_{3}}=0$ . , $x_{1}$
$\overline{v_{N1}}=\frac{1}{a^{2}}\int_{-a/2}^{a/2}\int_{-a/2}^{a/2}v_{N_{1}}(x)\mathrm{d}x_{2}\mathrm{d}x_{3}$ (28)
($v_{N_{1}}$ (x) $v($x) $x_{1}$ ) $v_{0}$ $x_{1}$ $v_{01}$ ,
, $\overline{v_{N1}}=v_{01}$ . , $x_{1}$ $\overline{v_{N1}}$ ,
$\overline{v_{N1}}=v$0$1+ \frac{1}{a^{2}}\int_{-a}^{a}$/$2 \int_{-a/2}a/22\sum_{j=1}^{N}[\sum_{i=1}^{3}Q_{ji}\frac{\partial S_{2}(x-\xi_{j})}{\partial x_{1}\partial x_{i}}-Qj1$ S1 $(x-\xi_{j})]\mathrm{d}x_{2}\mathrm{d}x_{3}$





$\frac{1}{a^{2}}\int_{-a/2}^{a/2}\int_{-a/}^{a/}2$ $\mathrm{e}$”””dx2dx$3=0$ if $k_{2}\neq 0$ or $k_{3}4$ $0$
, $\overline{v_{N1}}=v_{01}$ . ,
$\overline{v}=(\overline{v_{1}},0,0)\approx(v_{01},0,0)$ (29)
.
$x_{i},$ $\xi_{j}$ , slice point method[10] . $n(>3)$
,
$x_{11}=r(0,0,1)$ , $oe_{n1}=r(0,0, -1)$ ,
$x_{kl}=r$ ($\sin\theta_{k}\cos\varphi$kl, $\sin\theta_{k}\sin\varphi$kl, $\cos\theta_{k}$) $(2\leqq k\leqq n-1,1\leqq l\leqq n_{k})$
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.
$\theta_{k}=\frac{\pi(k-1)}{n-1}$ , $n_{k}=\lfloor$2(n-1) $\sin\theta_{k}+0.5\rfloor$ , $\varphi kl=\frac{2\pi(l+(-1)^{k}/4)}{n_{k}}$
1. , $x_{kl}$ $x_{k}$ . , $q$ $0<q<1$








. , vm8 , (29) $v_{\mathrm{m}\mathrm{e}\mathrm{a}\mathrm{n}}\approx v_{01}$
. $\epsilon$ , (13)
, (30) $D_{0}$ , $D_{0}$ 1000
, . 4 ,
$C=(0.1)^{3},$ (0.5)3 , $\epsilon$ $N$ $\mathrm{c}$
, $N$ $\epsilon$ , , $C=(0.1)^{3}$ ,
, . , $C$
$N$ , 3 .
, $D$ . 3 ,
$|D|/(6\pi\mu rv_{\mathrm{m}\mathrm{e}\mathrm{a}\mathrm{n}})$ $C^{1/3}$ . 2 ,





. , 2 , Sangani-Acrivos[13] . 3
, $C$ , 3 $|D|/(6\pi\mu rv_{m\mathrm{e}\mathrm{a}\mathrm{n}})$
. , 2 , Sangani-Acrivos
. , $rarrow 0$ ,
$|$D $|$ \sim 6$\pi\mu$rv$\mathrm{m}\mathrm{e}\mathrm{a}$n
. , Stokes
$. \frac{\text{ }{1,\tau}}$
, $\lfloor x\rfloor|$a $x\xi\not\in \mathrm{x}$’fXt]F\lambda \emptyset g
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-01 1 $\beta$ $B$ $A$
(c) $\mathrm{f}\mathrm{f}\mathrm{i}^{\backslash }/\llcorner\backslash \backslash 1\text{ }$
2:(a) , (b) , (c) .
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$12N$ $9.5^{\frac{\epsilon}{\mathrm{E}- 29.1\mathrm{E}- 29.0\mathrm{E}- 21.85.0\mathrm{E}- 13.8}}\mathrm{E}- 1$
34 9.4E-5 2.2E-4 2.1E-4 5.1E-2 1.4E-l 1.6E-l
64 1.3E-6 2.0E-6 1.8E-6 2.0E-2 2.3E-2 1.7E-2
106 3.3E-8 3.2E-9 2.3E-8 4.7E-3 1.9E-3 3.2E-3
156 2.9E-l0 3.6E-l0 2.2E-l0 1.2E-3 6.0E-4 1.4E-4
214 1.9E-l2 1.3E-l2 6.1E-l3 1.5E-4 2.5E-5 1.9E-5
288 3.5E-l3 7.9E-l3 2.0E-l3 l.lE-4 l.lE-5 l.lE-5
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